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Could salting the world's oceans with iron help reduce greenhouse gases? In recent years, scientists have intensified their research on iron and the ocean carbon cycle. Iron fertilization is one of several controversial geoengineering responses to climate change. Others include placing sulfates or devices in the atmosphere to reflect solar radiation. Skeptics point out, however, that those methods could potentially have grave ecological effects and that placing sulfates and solar reflectors high up in the atmosphere are responses focused on temperature and not on the underlying greenhouse gas problem.
Iron fertilization, though, is a sequestration method. The idea is that in many parts of the seas, especially in high-nutrient, low-chlorophyll (HNLC) regions, such as the Southern Ocean, iron deficiency accounts for minimal phytoplankton. With increased iron, the thinking goes, phytoplankton would bloom, which would increase photosynthesis and would subsequently draw down atmospheric carbon. The ocean "biological pump" would transport an unknown fraction of this phytoplankton-pulled carbon to the deep seas, where it could remain for centuries.
The late John Martin, oceanographer of Moss Landing Marine Laboratories and seminal thinker on the role of iron in the oceans, sought to understand the ocean biochemistry of interglacial periods. Martin's famous 1988 quip at a Woods Hole Oceanographic Institution presentation-"Give me half a tanker of iron, and I'll give you an ice age"-is a frequent starting point for discussing iron fertilization.
Since then, researchers have conducted approximately a dozen artificial iron fertilization experiments. These restricted experiments have generally indicated that phytoplankton does bloom when iron is deposited in HNLC regions.
Although iron fertilization alone could not sufficiently decrease greenhouse gas concentrations, two recent studies, one published in Global Biogeochemical Cycles and the other published in Biogeosciences Discussions, suggested that it could potentially draw down carbon dioxide by, respectively, 33 and 41.8 parts per million (roughly 10 percent of current levels) from atmospheric levels over a 100-year period. Along with other measures, such as reforestation and soil, peat land, and mangrove restoration, iron fertilization could be a significant component of a global carbon sequestration schema.
However, in these and other studies, the vastness and uncertainties of such an enterprise have been stressed. For example, in a 2010 US Congress-mandated National Oceanic and Atmospheric Agency report (Ocean Fertilization: The Potential of Ocean Fertilization for Climate Change Mitigation), diminished ocean productivity in nontargeted regions; denitrification and a possible attendant release of nitrous oxide, a potent greenhouse gas; and further ocean acidification as possible consequences of iron fertilization were identified.
The Convention on Biological Diversity has also issued recent decisions that embody the skepticism toward iron fertilization, warning of the uncertain biological effects and calling for nations to restrict the research scope and to stop early consideration of issuing carbon credits for iron fertilization.
But others think the concept warrants further study. This year, 13 scientific and educational institutions launched the In-Situ Iron Studies (ISIS) Consortium (http://isisconsortium. org), in large part to get a handle on the uncertainty. Its mission is to "resolve the impact of iron fertilization on marine ecosystems, to quantify its potential for removal of atmospheric carbon dioxide, and to improve our collective understanding of the changing ocean." Ken Buesseler, Woods Hole oceans biochemist and ISIS Consortium cofounder and cochair of its Scientific Steering Committee, said, "If a key to turning the dial on atmospheric carbon is iron in the ocean, then we need to study it well enough to understand the consequences."
Buesseler added that more study of natural sites' iron sourcing of phytoplankton bloom should help answer the large questions of scale and carbon retention. In June, Woods Hole held a two-and-a-half-day workshop on natural iron fertilization studies conducted in the Southern Ocean from 2004 to 2006 . Woods Hole oceans chemist Matt Charett, who managed the workshop, said that these natural incidents with "hundreds to thousands of tons at a minimum… dwarf any previous artificial iron release, making these natural iron release experiments very important in understanding how the earth works." Charett believes that a future priority is a "full year-round study of one of these blossoms, from the onset, [to] the bloom and the crash-from winter, through spring, summer, and back to winter."
Other scientific and policy circles are also paying attention to iron fertilization. In June, in Lima, Peru, a meeting of the International Panel on Climate Change (IPCC) included a poster presentation of ocean iron fertilization within the geoengineering focus.
Importantly, the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter in 1972 (London Convention), with its 1996 Protocol, has emerged as the legally binding forum focused on iron fertilization in the high seas and, in effect, restricts artificial iron fertilization to scientific experiments. This fall, the governing body of the London Convention will further elaborate on its framework program for iron fertilization, perhaps expanding its focus to all oceans-related geoengineering work.
Richard Blaustein, Esq., (richblaustein@hotmail. com 
